groupable strains were exposed to deoxyribonucleic acid (DNA) extracted from streptomycin-resistant streptococci belonging to groups A, C, D, G, H, and ungroupable strains. Transformation to streptomycin resistance was obtained with streptococci belonging to groups F, H, and 0 and a serologically unclassifiable streptococcus. The transformable streptococci incorporated DNA from both homologous and heterologous groups and strains of streptococci. Certain strains within a group served as DNA donors but not as DNA recipients, and certain strains served as DNA donors for some strains but not for others. Even within an individual group, not all strains were transformable. The number of transformants was influenced by the source of DNA and the DNA recipient strain used. Substances which affect cell permeability did not enable transformation to occur. Radioisotope studies with P32-labelled DNA showed that nontransformable strains incorporated amounts of DNA comparable to the transformable strains.
Knowledge of the transformation of streptococci is limited to the work of Bracco et al. (1957) . These investigators reported the transformation of two strains of "viridans" streptococci to streptomycin resistance by deoxyribonucleic acid (DNA) from homologous and heterologous strains of streptomycin-resistant viridans streptococci and streptomycin-resistant pneumococci. No transformation was demonstrated with 22 strains of streptococci belonging to the serological groups A, B, C, D, and F.
It appeared worthwhile to examine all the serological groups among the streptococci to determine the ability to transform, and to obtain information on the properties of the system. These studies seemed significant for an understanding of the biology of the streptococci, as well as an aid to the study of bacterial genetics.
Preliminary reports have been presented (Slade and Perry, 1960; Perry and Slade, 1961) . While the present study was in progress, Pakula, Hulanicka, and Walczak (1959) confirmed the work of Bracco et al. (1957) , and also reported the transformation of group H streptococci by streptococcal, pneumococcal, and staphylococcal DNA. None of the strains of the remaining 14 serological groups wvas transformed by these DNA preparations.
MATERIALS AND METHODS
Bacterial strains. Streptococci belonging to serological groups A, B, C, D, E, F, G, H, K, L, M, N, 0, and Q, and ungroupable streptococci were tested. Ungroupable streptococci were those strains which were serologically unclassifiable by the precipitin test (Swift, Wilson, and Lancefield, 1943 
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The quantitative determination of DNA was carried out by the diphenylamine method (Dische, 1955) . Extracts, usually containing 200 to 600 Ag of DNA per ml, were sterilized by precipitation with ethanol overnight, after which, the DNA was redissolved in 0.025 M phosphate buffer (pH 7.4). The sterility of the DNA was checked, and in no case was contamination observed. Stock solutions of DNA were kept at 4 C in 0.85% NaCl.
Transformation reactions. Strains to be examined for transformation were incubated in blood broth for 18 hr at 37 C; 0.1 ml was reinoculated into fresh blood broth and incubated an additional 4 hr. The cells were then cooled to 22 to 25 C and held for 15 min (Hotchkiss, 1954a) ; 0.1 ml of each strain was inoculated into 1.9 ml of charcoal-adsorbed Todd Incubation of competent cells in the presence of DNA for various lengths of time before the addition of deoxyribonuclease has shown that 15 min is sufficient for DNA uptake. An inoculum of 108 to 1012 colony-forming centers (depending on the strain) from a 4-hr culture was found to be optimal for transformation.
P32-labeled DNA. Neopeptone (10 g) was added to 500 ml of distilled water containing 45 g of infused beef heart (Difco). The solution was dialyzed against distilled water at 4 C until 90% of the phosphorus had been removed (24 hr). The following constituents were added to the dialyzate: 5.0 g glucose, 1.0 g NaCl, 1.5 g Na2CO3, 1.5 g sodium acetate, and 0.0125 g phosphorus (KH2PO4). The level of phosphorus necessary for maximal growth was determined in previous experiments. The pH of the medium was adjusted to 7.8 with 1 N HCI and sterilized by filtration through a Seitz filter; 30 mc Of p32, possessing a specific activity of 72,608 mc per g, were added to the medium.
Group A, type 1, streptomycin-resistant streptococci were grown for 6 hr in 20 ml of Todd-Hewitt broth, washed twice with distilled water, resuspended in 5 ml of water, and then added to the labeling medium. After 18 hr incubation at 37 C, the cells incorporated 40% of the total radioactivity. The harvesting of cells 444 [ (Schmidt and Thannhauser, 1945) and less than 6% protein (Sutherland et al., 1949 and streaked onto streptomycin agar for detection of transformants. Controls to which deoxyribonuclease was added at 0 min were also run. Counts were made microscopically on all initial inocula in a Petroff-Hauser counting chamber.
RESULTS
Streptococci of groups A through Q (excluding P) and ungroupable streptococci were examined for transforming ability, using various DNA preparations. The results obtained when strains representing each of the streptococcal groups were tested with DNA from groups A, C, D, G, H, and ungroupable streptococci are shown in Table 1 . Included in the ten group A strains were seven serological types, two of which were homologous for the DNA employed. The homologous strains (with the exception of group D) for each of the other DNA preparations were also included in the recipients tested. Thus, of 46 strains tested, one group F, five of six group H, two group 0, and one of three ungroupable streptococcal strains were transformed to streptomycin resistance. All nine strains were transformed by DNA from group A, C, G, and H streptococci. DNA from group D streptococci would transform only group F and three group H strains. DNA from ungroupable streptococci transformed five of six group H strains, but failed to transform homologous or heterologous ungroupable strains. The two strains of ungroupable streptococci which could not be transformed were homologous for the two ungroupable DNA preparations employed. The difference in transforming ability of the various DNA preparations was observed, although no quantative data on the levels of transformation in each strain was obtained. Group As was expected, various strains also showed differences in transforming ability. Table 2 shows the number of streptomycin-resistant transformants obtained per total colony centers when certain strains were exposed to DNA from groups A and H. Group H, strain SBE, produced the highest yield of transformants when exposed to homologous DNA (strain SBE). The group F (C628) strain produced a greater yield of transformants than any of the other group H strains. Strain SBE also produced the highest yield of transformants when exposed to heterologous DNA (group A), although the yield of transformants was lower than that which was obtained with homologous DNA.
The results obtained when a group H (SBE) strain was subjected to varying concentrations of DNA from streptomycin-resistant group H (SBE) cells are shown in Fig. 1 . It is evident that the number of transformants obtained is directly dependent upon the concentration of DNA. As little as 2.5 X 10-4 ,jg of DNA per ml is sufficient to cause transformation. Other preparations of DNA produced transformants with as little as 10-lug. The response curve in Fig. 1 is linear from 2.5 X 104 to 2.5 X 10-1 Ag of DNA per ml. Above 2.5 X 10-1 llg of DNA, the optimal concentration is approached and the response curve is not linear.
Radioisotope studies were performed in an attempt to determine whether nontransformable strains of streptococci incorporated DNA. Certain nontransformable cells will indeed incorporate significant amounts of DNA (Table  3) . Groups A and G streptococci incorporated amounts of DNA comparable to those of the two transformable strains (groups H and 0). However, group C streptococci incorporated somewhat less DNA than any of the other (Alexander and Leidy, 1953) and meningococcus (Alexander and Redman, 1953) systems.
The yield of transformants is much lower when compared to the pneumococcus system (Hotchkiss, 1954b) , which generally yields from 0.2 to 5% transformants, and the Bacillus system (Spizizen, 1959) , which yields 1% or more transformants. The experiments of Bracco et al. (1957) have shown that as many as 3% transformants may be obtained when "viridans" streptococci are exposed to DNA from homologous strains made streptomycin-resistant through transformation. Further studies are in progress to define the optimal conditions for transformation of streptococci. Thus, the streptococcal system shows promise as a tool for the study of various problems involved in transformation.
Subsequent to the radioisotope studies, it was thought possible that the cell wall or cytoplasmic membrane could act as a barrier to the entrance of DNA into nontransformable cells. Therefore, certain substances which are known to affect cell permeability were employed. Recipient cells were treated with S. albus enzyme until 15% lysis occurred. These cells were then subjected to DNA extracts according to previous procedures. Recipient cells were also treated with trypsin and cetyltrimethylammonium bromide (Slade, 1957) . None of these substances brought about the transformation of nontransformable strains, nor did they increase the number of transformants from those strains which were transformable.
Although some nontransformable streptococci will incorporate DNA, further investigations are required to determine whether the threshold level is attained for phenotypic expression. Lerman and Tolmach (1957) showed that DNA from Escherichia coli or pneumococci is incorporated in equal amounts by pneumococci. However, the E.
coli DNA failed to cause the transformation of pneumococci to streptomycin resistance. E. coli will also incorporate equal amounts of either E. coli or pneumococcal DNA, but pneumococci incorporate 1000 times as much. The authors suggested that the E. coli DNA is less firmly bound in pneumococci than the pneumococcal DNA. The amount of DNA incorporated by streptococci on a total cell basis ( The possibility exists that enzymes (extracellular or intracellular) and physical barriers (cell wall, protoplast membrane) play a prominent role in the resistance to transformation by some streptococci. The use of additional markers, the screening of a larger number of strains, and a studv of optimal conditions may result in the transformation of other groups of streptococci.
